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AMTWACT  (Cmttimf  m f yf  — tldt  U mrf  Idmtifr  by  hlpekjiai^t^r) 


A minimum  in  the  total  electron  content  oi^e  equatorial  ionosphere 
frequently  appears  shortly  after  sunseMn  measurements  of  Faraday  rotation 
made  at  Legon,  Ghana  (latitude  5.63°^,  longitude  -0. 19^E.  magnetic  dip  8^). 
This  paper  describes  the  phenomenon  and  investigates  its  occurrence  Charac- 
teristics over  a period  of  six  years.  It  concludes  that  the  effect  Is  due 
to  a transport  phenomenon  described  as  a "circulation  cell"  which  follows  the 
sunset  line.  This  circulation  is  not  considered  to  be  the  primary  cause  ot  the  < 
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CAPTIOUS  FOR  FIGURES 


FI60BB  1.  Plot*  of  TEC  a*  • function  of  tina  for  aavan 
•uecaaaiVA  days  in  October,  1972,  Vertical 
lines  across  the  curve  indicate  die  presence 
of  scintillation. 


yXGOUE  3,  The  seasonal  variation  of  EEM.  Usekly  ■cans 
over  six  consecutive  years.  The  curve  is  a 
plot  of  the  constant  tern  and  the  first  three 
Vburier  tern*. 


FIGQRE  A,  The  sunspot  cycle  dependence  of  EEM.  The 
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VIGORE  2.  Mean  snnthly  occurrence  tine  of  EEM  averaged  4B 
over  six  years. 
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ABSTRACT 

A ainlaaB  in  the  total  electron  content  of  the  equatorial 
loaoaphera  frequently  appaara  ahortly  after  aunaet  in  ■aaaurenanta 
of  faraday  rotation  nade  at  Legon,  Ghana  (latitude  S.63^R, 
longitude -0.19*’b,  nagnetic  dip  8®S).  Thia  paper  deacribea  the 
phanoaenon  and  ineeatigatea  ita  occurrence  characteriatiea  over  a 
period  of  alx  yeara.  It  concludea  that  the  effect  ia  due  to  a 
tranaport  phenoonnon  deacribed  aa  a "circulation  cell"  uhlch 
followa  the  aunaet  line.  Thia  circulation  ia  not  conaidered  to 
be  the  priaary  cauee  of  the  production  of  irregular it iea  in  the 
night  tiiaa  P region,  but  the  mechaniam  ia  thou^t  to  contribute 
both  to  the  intenaity  and  the  duration  of  the  reaulting  acintilla* 
tlon. 
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1.  nilBODOCTIOW 

Soon  after  aynchronotta  aacellltea  bearing  radio  beacona 

% 

baeana  available  for  obaervation  at  Legon,  and  Faraday  rotation 
■aaauraaanta  began,  it  becaw  obvioua  that  aeoathing  umiatial  waa 
happening  in  the  equatorial  ionoaphere  in  the  period  following 
annset,  and  attention  «aa  called  to  thia  in  a number  of  publlca- 
tlona,  (Itoater,  1971;  Koater,  1972;  Yeboah^Amankwah  and  KOater, 

1972|  Koater,  1973),  Several  internal  reaearch  reporta  gave 
fnrther  information  about  the  phenomenon,  (Koater,  Korfker  and 
Taboah-AaMnlwnh  (1970),  Koater  and  Beer  (1972),  Koater  (1973b)), 

Ihe  phenomenon  in  queation  ia  the  rapid  diaappearance  of  ionoa- 
pheric  ioniaation  ahortly  after  aonaet,  evidenced  by  a aharp 
drop  In  the  value  of  the  Faraday  rotation  angle,  After  paaalng 
throu^  a minimum,  the  value  of  the  angle  often  recovera  again 
quite  quickly,  leading  to  a maximum  an  hour  or  two  later  before 
the  angle  daeaya  to  ita  diurnal  minimum  around  the  time  of  auowiae. 

Sometimaa  the  behaviour  ia  mora  irragnlar,  and  aeveral  naxiM  can 

appear.  Typically,  aevere  acintillation  aata  in  ahortly  before  I 

the  in  TK  ia  reached.  Initially  the  large  amplitude 

variationa  in  aignal  atrength  characteriatic  of  acintillation 

amde  accurate  polarlmatar  readinga  aomaidtat  difficult  to  obtain, 

lha  problem  waa  overcome  to  a large  extent  by  nodifieatiooa  in 

the  Ugon  equipment  ia  1969,  and  good  recorda  have  been  obtained 

• 

i 
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2. 


since  that  tis«.  Further  Improvements  were  made  In  the 
equipment  early  In  1972,  and  a Urge  collection  of  relUbU 
data  la  now  on  hand. 

In  previous  articles  we  have  referred  to  this  phanemanon 

BquatorUl  Evening  Minimum  (EEM),  and  we  ahall  uae  the 

saiw  nomencUture  In  this  paper. 

The  Importance  of  a further  study  of  BEM  Is  emphasised 
by  the  recent  publication  of  two  newly  observed  phenomena  In  the 
equatorUl  ionosphere. 

The  first  of  i*ese  appears  in  the  digital  power  naps 
publUhed  by  Wteodsmn  and  UHos  (1976).  The  remarkable  "plmsas" 
appearing  in  these  maps  gives  striking  evidence  of  regions  of 
Intense  ionospheric  IrreguUrltles  idilch  rise  rapidly  with  time 
over  the  equatorUl  site  at  Jlcamarca.  The  same  maps  occasion- 
ally also  show  patches  of  IrreguUrltles  that  have  a dcwnmard 
movemant  with  time. 

The  second  dUcovery  is  the  detection  by  "In  slttf' 
satellite  observations  of  pUsna  bubbles  In  the  equatorUl 
ionosphere  as  described  by  McClure,  Banaon  and  Boffnan  (1977). 
It  seew  hi^ly  likely  that  EEM  U but  another  aspect  of  thU 
observed  "bubble"  phenomenon,  and  a study  of  BEM  can  threw 
further  li^t  on  the  msehanUm  behind  all  these  new  nanlfesu- 
tlons  of  irreguUnty  production  and  movement  efver  the  equator. 


3. 


Quite  a number  of  plots  of  total  electron  content  (TBC) 
versus  tine  have  appeared  in  the  literature.  We  here  reproduce 
only  one  figure  to  Illustrate  the  general  characteristics  of  the 
equatorial  evening  minimum.  Figure  1 shows  a plot  of  TBC  as  a 
fuKtlon  of  time  as  observed  at  Logon  on  seven  consecutive  days 
in  October,  1972.  Electron  content  Is  normslly  at  Its  dally 
minimum  at  sunrise,  so  the  plots  commence  at  6 a.m.  local  time 
on  the  days  In  question  and  continue  till  6 a.m.  on  the  follow* 
Ing  day.  The  vertical  scale  of  the  plots.  In  terms  of  TBC  per 
unit  distance.  Is  shown  on  the  figure.  The  outstanding  feature 
In  the  curves  Is  the  sharp  decline  In  TEC  after  ionospheric 
sunset,  leading  to  a mlnifflum  around  21  hours  local  time.  The 
considerable  variability  of  this  feature  from  day  to  day  Is 
well  Illustrated  In  the  flginre.  Hie  periods  during  which 
severe  amplitude  variations  (scintillations)  occurred  are 
indicated  by  short  vertical  lines  across  the  curve. 


; 


The  actual  time  of  occunranea  of  the  aqoetorlAl  avanliif 
miolmuB  waa  initially  treated  in  an  internal  sciantiflc  report 
(Koater,  1973b).  Ihia  treatment  ia  hare  brouilit  up  to  data, 
making  uae  of  data  up  to  April,  1977  - aix  effective  years  of 
observation.  The  equatorial  evening  mlnlmoo  is,  as  has  been 
mentioned  before,  a fairly  regular  phenomenon,  in  that  it  shows 
up  in  the  monthly  mean  plots  of  TEC  against  time  in  all  months 
except  those  around  the  June  solstice.  Figure  2 was  produced 
by  finding  the  time  of  occurrence  of  the  evening  minimum  in  the 
monthly  mean  curve  for  each  of  the  68  months  investigated. 

These  were  grouped,  by  month,  as  shown  in  the  figure.  The  error 
bars  indicate  one  standard  deviation  in  either  side  of  the 
plotted  point.  We  note  that  the  minimum  occurs  around  21  hours 
in  January.  It  appears  progressiva  la tar  until  the  effect 
disappears  in  Msy.  It  reappears  in  September,  becoming  progres- 
sively  earlier  till  it  again  occurs  around  21  hours  for  the 
months  of  October  through  January. 
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la  kuoim  to  have  maxioa  at  thota  timaa  (Koater,  1972).  Such 
a daflnleion  would  alao  produce  a naximum  In  tba  aunapot 
cycle  variation  of  EBM.  aince  TEC  ia  alao  known  to  be  at  ica 
graateat  near  aunapot  loaxinum.  We  are  intareated  in  knowing 
whether  the  relative  effectiveneaa  of  the  mechaniam  producing 
EEM  haa  a aeaaonal  and  a aolar  cycle  dependence.  > 
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To  imvoatlgatc  Che  variation  of  EEM  with  aeason,  the  year 
waa  divided  Into  13  28-day  perloda.  Juat  over  8 yaara  of  data 
entered  the  analyaia.  The  mean  value  for  each  of  the  13  annual 
perloda  waa  taken.  If  we  expreaa  our  tabulated  function  aa  a 


?ourli 


the  eoefflclenta  A and  B can  readily  be  calculated.  Their  valuea 
are  given  In  the  table  below. 


TABLE  1.  Fourier  conponenta  of  the  annual  variation  of  EBM. 


The  curve  deacribed  by  the  conatant  and  the  flrat  three 
harmonic  tema  la  akatehed  Into  Figure  3. 

He  note  that  the  annual  term  predominatea.  The  aecond 
ham>nic  ia  down  by  a factor  of  0.84,  and  the  other  harmonica 
have  valuea  leaa  than  thia.  The  naxiaaaa  occura  in  October, 
and  the  broad  *—  In  Miy,  June  and  July. 


^k 

1.98 

-17.38 

-10.20 

6.07 

0.91 

-1.24 

-0.74 

®k 

0.00 

15.99 

2.71 

•2.92 

-5.11 

-0.23 

5.52 

8. 

figure  4 it  a plot  of  the  naan  value  of  EEK  fox  each 
4 week  period  (13  poinca  annually)  from  July  1969  until  Auguat 
1977  inclusive. 

tie  note  that  the  sane  general  shape  repeats  itself 
annually  with  essentially  the  sans  amplitude  over  the  eight 
years  covered.  Since  this  extends  from  sunspot  maximum  to 
sunspot  minimum,  we  conclude  that  there  is  no  appreciable 
sunspot  cycle  variation  in  the  phenomenon.  We  must  awntion 
again,  however,  that  it  is  the  relative  change  in  TEC  that 
remains  nearly  constant.  Absolute  values  would  differ  fay  a 
factor  of  two  or  three. 
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To  dotormine  this  variation,  continuous  periods  of  200 
days  wars  taken,  extending  froa  16  September  to  3 April,  on 
each  of  six  consecutive  years.  This  procedwe  was  resorted  to 
In  order  to  avoid  including  the  time  of  year  during  lAlch  the 
value  of  EEM  Is  exceedingly  snail.  Values  of  EBM  for  each  of 
the  200  days  were  correlated  with  the  corresponding  suns  of 
die  dally  Kp  values.  The  correlation  coefficients  turned  out 
to  bat 


YBIR 

COOEIATION  COEFPXCIEirr 

1971/72 

+ 0.001 

1972/73 

- 0.098 

1973/74 

- 0.083 

1974/75 

• 0.060 

1975/76 

- 0.120 

1976/77 

+ 0.108 

MB4N  OC 

- 0.042  * 0.084 

Wa  conclude  that  there  la  no  significant  correlation 
between  the  tao  parameters. 


Figure  1 deplete  die  usual  relationship  betifeen  the 


occurrence  of  the  equatorial  evening  mlnlfflora  and  severe 
equatorial  scintillation.  On  most  of  the  dayt  depleted, 
severe  scintillation  connenced  near  die  bottom  of  the  Initial 
fall  In  the  value  of  the  TEC,  and  continued  for  a ntsuber  of 
hours  thereafter  • often  throughout  the  night.  On  the  very 
first  day,  however,  (19  October,  1972)  a rather  large  aagnetlc 
storm  (rKp  ■ 33)  occurred.  On  that  day,  although  thm  value  of 
EEM  ms  relatively  large  (59.8),  the  value  of  TEC  at  the  time 
of  the  evening  minlmuffl  remained  high  (above  300  x 10^  elec> 
trona  m*^).  Mien  this  occurs,  scintillation  at  lagon  is 
normally  absent  or  greatly  reduced  (Koeter,  1972).  As 
Figure  1 shows,  scintillation  occurred  for  only  an  hour  during 
this  nl^t,  and  the  value  of  the  scintillation  index  remained 
modest.  On  all  die  other  days,  the  scintillation  was  severe, 
both  as  regards  intensity  (as  evidenced  by  the  scintillation 
index)  and  duration. 

Hare  we  wish  to  note  two  things; 

(a)  The  onset  of  acintillation  normally  coincides  in  time  with 
the  occurrence  of  BEM  on  dsjre  on  which  BEN  la  present. 

(b)  Scintillation  la  normally  severe  when  BEM  la  large  unlesa 
the  IK  value  remaina  abnomally  hi^,  as  it  dose  frequently 
during  severe  magnetic  disturbances. 


1 
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To  obtain  a aora  quantltatlva  Maaura  of  tha  ralatlon* 
ahip  batwaen  EBM  and  scintillation  tha  nlijhtly  ^lua  of  KBM, 


as  daflnad  aarlisr,  aas  eorralated  with  the  soa  of  tha  scin- 
tillation indleaa  (81)  for  the  same  nl^lit.  Data  wore  taken  on 
a yearly  basis.  The  correlation  coefficients  obtained  are 
tabulated  below. 


YBIR  MO. 

MONIBS  XHCLODED 

CORRBLlTiai  COBmCXERI 

i 

1. 

9-71  to  8-72 

0.314 

1 

2. 

9-72  to  8-73 

0.293 

3. 

9-73  to  8-74 

0.247 

4. 

9-74  to  8-75 

0.299 

i ■; 

5. 

9-75  to  6-76 

0.420 

: j 

i 

6. 

7-76  to  4-77 

i 

0.206 

1 

TABLE  2.  Yearly  correlation  coefficients  between  EBM 
and  the  sum  of  the  nightly  scintillation 
indices. 

The  above  results  are  significant  on  the  0.1X  level*  so 
we  must  conclude  that  there  is  some  connection  between  scin- 
tillation and  the  equatorial  evening  aininsaa.  Ih  deteminlng 
d»e  above  correlatioos  eadi  of  the  6 years  was  divided  into 
13  28-day  periods,  end  the  correlation  coefficient  was  calcula- 


I  iir  ii(  irti  I 


ted  for  each  period  as  well  as  for  the  entire  year.  The  13 
values  for  a given  year  fluctuated  wildly,  and  their  usan  value 


I 
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■eaclaclMlly  Iwlgalf leant.  Mb  conelude  that  tha 
significant  coiralatlon  betwean  BBM  and  SI  on  an  annual 
basis  Is  due  largely  to  tha  siallar  seasonal  variation  of 
the  too  phanooena,  and  not  to  a close  day  to  day  eorres* 
pondanca  over  a period  as  short  as  a nonth. 


il 


I 
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Ih*  rMulta  reported  above  were  node  from  che  analyals 
of  recordt  obteltiad  from  the  obaervatlon  of  the  eatalllte  AltO 
during  the  6 year  period  In  which  it  was  kept  on  station  at  70^ 
west  longitude.  The  elevation  angle  from  Xagon  was  12^. 
Observationa  at  higher  elevation  angles  were  also  desired,  and 
obaervationa  were  made  on  IS2F3  from  Mirch  1973  through  April 
1974,  during  which  time  the  satellite  was  at  an  elevation  of 
approKinately  65**.  A number  of  difficulties  accompanied  this 
venture. 

(a)  At  Logon,  as  a synchronous  satellite  moves  to  hi|^  eleva- 
tions, the  M values  becoms  progressively  smsller.  Should  the 
satellite  also  have  An  inclined  orbit  (I82F3  had  an  inclination 
of  between  4°  and  5^  at  this  time)  the  value  of  H becomes  even 
snaller  when  the  satellite  moves  to  negative  latitudes. 
Eventually  the  value  of  M becomes  so  small  that  the  qussi- 
longitudinsl  (QL)  approidmation  on  which  most  of  the  ISraday 
rotation  reductions  depend  becomes  inapplicable.  Because  of 


this  problem,  only  the  Mirch  and  April  records  of  1973/74  had 
Sufficiently  large  values  of  M throughout  the  ni^t  to  make 
their  use  reliable. 

<b)  Itor  a period  of  around  6 weeks  near  the  equinoaes,  a 
aynehronous  aatellita  ia  eclipsed  eadi  ni^t  at  an  hour  that 
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I depandc  on  Ita  longitudo.  this  ncllpse  !•  of  Just  ovor  an 

I hour's  duration  at  ita  nartmisn.  During  an  aclipaa,  there  la 

j likely  to  be  a considerable  tenperatura  change  In  the  satellltOt 

with  corresponding  frequency  drifts  on  the  part  of  Its  oscilla- 
tor. A loss  of  power  from  its  solar  cells  normslly  leads  to  a 
. . drop  In  signal  Intensity  as  well  unless  on-board  batteries  are 

[ able  to  provide  energy  during  the  eclipse  time.  Hence,  care 

[ must  be  taken  in  utilising  results  obtained  around  the 

* equinoxes  from  a synchronous  satellite. 

m spite  of  the  above,  records  of  good  quality  were 
obtained  during  March  and  April  of  both  years.  Values  of  EBM 
for  these  periods  are  sumnarised  In  the  table  below. 
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W«  conclude  from  the  above  that  one  obaervea  larger 
valuea  of  EEM  irtien  looking  at  a hi^  elevation  aatelllte  than 
when  alimiltaneooaly  observing  a low  elevation  one.  Ms  would 
further  like  to  remark  that  die  correlation  between  the  pairs 
of  day  to  day  values  of  EEM  Is  relatively  low.  The  slgnlfl* 
canee  of  these  observations  will  be  commented  on  below. 

When  one  draws  pslrs  of  curves  for  a given  day  on  a 
eoanon  coordinate  system,  there  Is  such  a diversity  of  small 
features  on  the  two  curves  that  detailed  comparison  Is  diffi- 
cult. However,  a few  general  conclusions  can  be  drawn, 

(a)  The  TEC  curve  derived  from  the  Faraday  rotation  of  the 
signal  from  the  high  elevation  satellite  shows  more  and 
larger  features  of  shorter  duration  than  does  the  curve 
from  the  low  elevation  counterpart.  This  merely  veri- 
fies what  Table  2 above  shows  In  a more  quantitative  form. 

(b)  A minimum  In  TBC  nocwally  occurs  sooner  on  the  curve  from 
the  easterly  satellite  than  It  does  on  that  from  the 
westerly  one.  This  was  true  for  58  of  the  76  dally 
records  examined.  This  suggests  a westward  velocity. 

Only  occasionally  Is  there  a feature  diat  suggests  a 
possible  eastward  velocity. 

(e)  The  monthly  mean  curves  for  the  mondis  of  Nirch  *73  and 
March  *74  both  show  a definite  though  small  evening 
minimum  for  both  satellites.  In  each  case  the  mlniaaai 
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in  th*  cuxv«  fto«  Ui6  easterly  aatellite  precedes  In 
tla»  timt  for  the  westerly  one.  The  sctusl  separation 
of  the  Ionospheric  points  (l.e.,  the  points  where  the 
two  lines  of  sight  penetrate  the  420  ka  level  in  the 
ionosphere)  Is  1200  fan.  fhe  aean  time  lag  between 
the  ainlna  is  4o  minutes,  corresponding  to  a velocity 
of  500  ns*^.  We  recall  that  the  velocity  of  the  sanset 
line  at  this  height  at  the  equator  is  495  as~^. 

We  conclude  that  the  time  of  the  miniaun  on  a IK  curve 
is  closely  sssociated  with  the  local  tioM  at  the  ionos* 
pherlc  point. 


th«  b«h«vlour  of  tiM  EBM: 

(a)  BEM  hoo  a aeasonally  varlabla  occunanea  tloa,  a^paarlag 
around  21  houra  from  Oetobar  througb  January,  Zt  oeemra 
prograaalvaly  latar  from  Fabruary  chroogh  April,  and 
dtaappoara  entiraly  from  tha  monthly  manna  from  My 
throu^  Auguat.  It  raappaara  at  23  houra  In  Saptanhar, 
and  movaa  forward  to  21  houra  again  In  Oetobar, 

(b)  lha  amplltuda  of  KBM  haa  a pradomlnant  annual  componant, 
with  a aecond  harmonic  down  by  • factor  of  0.64,  Ihara 
la  a broad  mlnlBiiwi  around  tha  Juna  aolatlca.  and  a 


<e)  lha  relativa  moaaora  of  BBM  adoptad  In  thla  papar  ahowa 
llttla  dapandanea  on  tiia  aimapot  cyela. 

(d)  lha  amplltuda  of  EBM  la  uncorralotad  with  magnatle 


(f)  BBM  occurrenea  tlmao  ganarally  follow  tha  aunaat  llna 
appaaring  flrat  on  an  aaatarly  aatallita,  latar  on  a 
waotarly  ona,  lha  ttam  dlffaranco  corraoponda  to  tha 
▼aloclty  of  tha  aunaat  llna  (ca  495  ma*^  at  420  loi). 


Our  purpose  in  tills  pspur  is  to  Innrsstlgsts  ths 
bshsviour  of  tbs  equatorial  svanlng  ulnlaua  with  a view  to 
understanding  ths  physleal  nschanlan  which  gives  rise  to  It* 

Ws  specifically  wish  to  see  whether  we  can  throw  any  new  light 
on  the  moebaalsm  giving  rise  to  equatorial  scintillation.  With 
this  In  view,  we  consider  each  of  the  above  findings. 

(s)  Does  the  onset  time  of  EEM  besr  any  relationship  to 
scintillation?  Scintillation  has  an  onaet  tine  that  varies 
by  about  an  hour  during  the  course  of  the  yesr.  The  nonthly 
oRsn  onset  thne  In  October  occurs  about  an  hour  earlier  than 
at  ths  June  solstice*  1 considerable  fraction  of  the  onset 
tlan  change  In  selntUlatlon  disappears  If  we  use  apparent 
(l.e*  sundial)  tins  Instead  of  naan  tins.  The  snail  renainlng 
change  In  scintillation  onsat  tins  la  In  phase  with  the  onset 
tins  changes  of  EEM*  but  very  different  fmn  It*  Zt  will  be 
renanbered  that  EEM  disappears  eonpletaly  at  the  Ams  selstiae* 
We  conclude  that  EEM  cannot  be  a prinary  cause  of  scintillation* 
since  the  latter  occurs  at  all  nootha*  even  these  In  which  no 
lEM  la  visible.  The  nost  that  our  evidence  can  suggest  is  that 
BIM  nay  in  acne  way  be  aasoclated  with  an  eahaaecnent  of  scin- 
tillation. ht  Lagon  tha  average  nl^tly  duration  of  sclntllls- 
tlen  as  obtalnad  fron  the  nonthly  naans  Is  sons  7 hours  at  tha 
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Jaom  solsttc*,  around  10  hoora  in  Oetobar  through  Dacanbar. 

It  la  qulta  poaalbla  that  BBM  la  aaaoclatad  vlth  tha  rlaa  of 
"bubblaa"  through  tha  loooaphara,  glalng  rlaa  to  oary  Intonaa 
scintillation  which  parslata  for  a longer  tins,  while  scintilla* 
tlon  occurring  in  tha  abaanca  of  SBN  la  dua  to  Irragularltlas 
confined  to  tha  bottom  of  the  F region,  fheae  scintillatlona 
might  mall  be  of  lesser  Intensity  and  shorter  duration. 

(b)  The  annual  congionent  In  the  ai^lltude  of  IBM  agrees  quite 
well  with  die  annual  variation  of  scintillation.  This  observa- 
tion la  consistent  with  tha  hypothesis  that  scintillation 
aocompanled  by  BBM  Is  oiore  severe  than  that  idileh  occurs  during 
Its  aboence. 

(c)  The  lack  of  dependence  of  BBM  on  sunspot  cycle  variations 
does  not  contradict  our  hypothesis.  If  one  uses  a definition  of 
IBM  that  measures  the  absolute  change  In  electron  content  rather 
than  Its  relative  change,  BBI  would  show  a sunspot  cycle  varia- 
tion similar  to  that  sothlbltad  by  scintillation.  Tbs  Indapen- 
danee  of  tins  relative  measure  of  BBM  from  sunspot  qrcla  varia- 
tions auggeata  that  BBM  dapands  on  sons  physical  pacamstar  of 
the  aun  which  changes  aonuilly  relative  to  the  earth,  but  Which 
does  not  depend  directly  In  the  solar  10?  flue,  sunapot  masher 
or  any  other  paramater  which  would  aurely  ahow  an  11  year 
variation.  Ms  awggaated  before  (Ksatar,  1979)  and  wiah  to 
auggeat  again,  that  dila  paramatar  la  the  diraetien  of  tha 


•oUr  ray*  r*l*tl*«  to  th«  aagiMeic  flald  llnM  «t  Lifoo. 

(d)  U*  anct  eoo*id«r  th«  lack  of  •Ignlflcant  corralatloa  of 
EBM  wtch  Kp.  During  ••vara  aagnatle  atom*,  *01111111*1100  at 
lagon  often  aupprasaad.  At  auch  tinea  va  often  have  large 


auraly  no  ona*to>one  ralalionahlp  batwaen  aelntlllatlon  and  IBM. 
Uhat  11  doa*  auggaat  la  ihai,  uhen  the  eondltloa*  for  *0101111*- 
tlon  (Hhatavar  thay  ara)  ara  right,  tha  aclnllllailon  will  ba 
oMNra  aavera  and  laailng  when  a large  EBM  1*  praaent  than  whan 
11  la  abaant.  khan  Che  condlilona  are  not  right,  lhara  nay  ba 
no  aeinilllailon  In  aplia  of  tha  praaeoca  of  larga  BBM. 

(e)  the  enhancanant  of  BBM  for  hl^  alavailon  aatallltaa  la 
iniarpratad  aa  meaning  that  tha  raglon  of  alaeixon  daplallon 
(tha  "bubble")  la  often  of  Halted  artant  ralatlva  to  the  total 
path  length  of  tha  wave  through  the  ionoaphara.  If  wa  taka  a 
aimpla  caae  where  tha  vertical  E-tf  aaetlon  of  a alngle  "babble" 
la  clrenlar,  tha  ralatlva  daplallon  along  tha  path  to  an  over* 


head  aatallite  would  ba  nneh  larger  than  that  to  a low  alaantlon 
•atalllta,  uhoaa  total  path  throng  dia  Ionoaphara  nay  ba  aaaural 
tlaaa  longer.  Banca,  tha  higher  aatallite  would  diaplay  a larger 
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BM  bM  appMrttd  first  on  the  Mtslllts  that  la  furtiiar  aast,  | 

Utar  oa  tha  out  that  la  to  tha  vast  of  It.  Tba  tlaa  dlffa-  | 

saneoa  agraa  xMarfcably  wall  with  cha  walocity  of  tba  aonaot 
llaa  (493  at  Cha  aqoator).  Ihla  sugtasta  a baste 

dopoadaoea  of  IBM  on  tha  appatant  tina  at  tba  soblonospharle  j 

point.  IBM  aaaoa  to  ba  trlggarad  by  lonoapharie  snnaat.  with 
a tlaa  lag  that  la  a function  of  aaaaon. 
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12.  COWCUSIOMS 

Tbe  evidence  found  In  this  Inveetlgetlon  eeeae  to 
be  entirely  conslecent  with  the  picture  of  • •’clreuUtlon 
cell"  prevlouely  euggeeted  (Koeter^  1973 )•  tnd  we  ehell 
repeet  Itc  eesentiel  feature*  her*. 

A large  "circulation  cell"  novea  weaomrd  along 
•quator  at  the  speed  of  the  sunset  line.  W*  are 
th«nfcin8  her*  In  terns  of  circulating  oagnetlc  field  Unas 
ehlch  have  ionisation  "frosen"  on  then.  A vertical  HI 
section  of  tM*  cell  would  show  an  u^rd  velocity  on  Its 
Ivsiflnc  edge,  an  eastward  velocity  at  the  top,  a desranavd 
velocity  on  the  trailing  edge,  and  a westward  velocity  at 
the  botton.  These  upward  and  dcsRsaird  velocitlas  are 
consictaat  with  the  nsasursnsnra  of  Balslay  and  Hoodnan 
(1971).  A*  the  leading  edge  of  the  call  passes  over  an 
observer  at  the  eqnator,  ha  obaarvo*  not  only  a large 
upward  velocity  of  th*  F region  Ionisation  above  hia,  but 
also  a sharp  drop  In  the  Faraday  angle  he  Is  nsasurlng, 

•inee  the  electrons  are  noving  ufsard  and  eastward,  out  of 
his  llna  of  sight.  The  field  lino*  aovlng  in  frcn  below 
are  largely  devoid  of  electrons,  sine*  they  nov*  in  fren  the 
t region  or  lower,  where  the  electron  content  has  fslloa 
dsastlcally  due  to  reeowblnatlon. 
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lli«n  tha  tnlliog  adga  of  tb*  call  paaaaa  ofvar  tha 
obaarvar  aonatiaa  latar,  ha  ■aaauraa  a larga  dowuaard 
valoclty  of  ioolsatlon,  and  hla  laraday  angla  Ineraaaaa 
aharply  dua  to  tha  aovanant  of  alactrona  Into  hia  lina  of 
aight  froB  abova  and  fron  tha  neat. 

Ihla  clrculatloa  can  only  begin  after  aunaat  at  tha 
anda  of  tha  field  linea  to  vhich  tha  F region  ioniaation  ia 
froaan.  Tha  aagoatic  field  linaa  at  Lagon  have  a veataard 
declination  of  9**,  while  thoaa  at  tha  aubionoapharic  point 
of  hT8>3  have  a declination  of  14^.  If  one  adda  to  thia  the 
fact  that  die  dip  equator  at  tha  longitude  of  Lagon  (6^)  ia 
aoan  10^  North  of  tha  geographic  equator,  it  becoaaa  obvioua 
that  tha  controlling  factor  will  nomally  be  aunaat  at  tha 
northern  and  of  tha  field  linaa  in  quaation.  Circulation 
ahoold,  tharafora,  ba  delayed  at  lagon  around  tha  Jhna 
aolatica,  whan  aunaat  there  ia  vary  lata.  Thia  agraaa 
aztranaly  wall  with  the  obaarvationa  reported  above. 

(har  obaarvationa  force  ua  to  conclude  that  the  circula- 
tion call  ia  not  tha  prianry  cauaa  of  tha  fomatlon  of  irra- 
gularitiaa,  and  hence  of  acintillatlon.  1M  have  evidanea  of 
d large  IBM,  and  hanea  a vigoroua  circulation  during  aagnatie 
diaturbancaa,  whan  there  ia  no  aeintillatlon.  And  during  tha 
June  aolatica  wa  have  quite  frequent  aeintillation,  but  no 
evidanea  of  cireulatioo. 
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It  arntm  quit*  obvious  that  the  EBM  is  but  another 
■soifeetation  of  the  rise  of  plassA  bubbles  through  the 
ioDoapbere  aa  aeasured  In  situ  by  the  explorer  satellites 
(IMlure  et  al,  1977),  and  appearing  as  draaatie  plustts  in 
the  VBF  radar  range^tias-intensity  nape  produced  by  tiie 
Jicaaarca  group  (Woodnan  and  la  Hob,  1976). 
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